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Ïåïòèäí³ êîìïîíåíòè îòðóòè Geolycosa sp.
ìîäóëþþòü àêòèâí³ñòü P2X-ðåöåïòîð³â ñåíñîðíèõ
íåéðîí³â ùóð³â

Ïðèðîäíûå ÿäû ÿâëÿþòñÿ îãðîìíûìè êîìáèíàòîðíûìè «áèáëèîòåêàìè» áèîàêòèâíûõ
âåùåñòâ, îïòèìèçèðîâàííûõ â òå÷åíèå ýâîëþöèè. Îñîáîå âíèìàíèå ïðè ïîèñêå íîâûõ
ìîäóëÿòîðîâ èîííûõ êàíàëîâ òðàäèöèîííî óäåëÿåòñÿ ÷ëåíèñòîíîãèì. Â íàøåé ðàáîòå ìû
èçó÷àëè âëèÿíèå ïåïòèäíûõ êîìïîíåíòîâ ÿäà Geolycosa sp. íà àêòèâíîñòü P2X-ðåöåïòîðîâ
ñåíñîðíûõ íåéðîíîâ çàäíåêîðåøêîâûõ ãàíãëèåâ êðûñ. Â ðåçóëüòàòå ìíîãîñòàäèéíîãî
ôðàêöèîíèðîâàíèÿ ÿäà áûëè îáíàðóæåíû êàê ìèíèìóì 7 ïåïòèäíûõ ìîäóëÿòîðîâ,
äåéñòâóþùèõ íà P2X-îïîñðåäîâàííûå èîííûå òîêè ñåíñîðíûõ íåéðîíîâ êðûñ.

ÂÑÒÓÏ

Ïðèðîäí³ îòðóòè òà òîêñèíè º ïðàêòè÷íî
íåâè÷åðïíèì äæåðåëîì á³îìîëåêóë, ùî
ìàþòü âåëè÷åçíèé òåðàïåâòè÷íèé ³ á³îòåõ-
íîëîã³÷íèé ïîòåíö³àë, îñê³ëüêè ïåðâèííèìè
ì³øåíÿìè öèõ ðå÷îâèí âèñòóïàþòü ìåìá-
ðàíí³ ðåöåïòîðè òà ð³çíîìàí³òí³ ôåðìåí-
òàòèâí³ ñèñòåìè. Âçàºìîä³ÿ ïðèðîäíèõ
íåéðîòîêñèí³â ç ìåìáðàííèìè á³ëêîâèìè
ñòðóêòóðàìè íåéðîí³â ññàâö³â àêòèâíî
âèâ÷àºòüñÿ ³ç ñåðåäèíè ìèíóëîãî ñòîë³òòÿ,
àëå, íåçâàæàþ÷è íà äàâí³ñòü ïðîáëåìè,
îá�ºì äîñë³äæåíü ç ðîêó â ð³ê ëèøå çðîñòàº.
Íàéá³ëüø ÿñêðàâèì ðåçóëüòàòîì ïîøóê³â ó
öüîìó íàïðÿìêó º òåòðîäîòîêñèí, áëîêàòîð
ïîòåíö³àëêåðîâàíèõ íàòð³ºâèõ êàíàë³â.
Ìîëåêóëó òåòðîäîòîêñèíó áóëî â³äêðèòî ó
1909 ð. ÿïîíñüêèì â÷åíèì Éîøèçóì³ Òàõà-
ðà, õî÷à ôàêò îòðóºííÿ ö³ºþ ñïîëóêîþ âïåð-
øå áóëî çàô³êñîâàíî êàï³òàíîì Äæåéìñîì
Êóêîì ùå 1769 ð. Ó 70-õ ðîêàõ ìèíóëîãî
ñòîð³÷÷ÿ òåòðîäîòîêñèí ñèíòåçóâàëè òà
âñòàíîâèëè ìîëåêóëÿðíèé ìåõàí³çì éîãî ä³¿.
Ï³ñëÿ öüîãî áóëî çíàéäåíî ³íø³ òîêñèíè, ùî

çäàòí³  âïëèâàòè íà ³îíí³  êàíàëè.  Òàê³
çíàõ³äêè ìàþòü çíà÷íó ôóíäàìåíòàëüíó
âàãó. Çîêðåìà, áóëî âñòàíîâëåíî, ùî òàê³
òîêñèíè, ÿê ñàêñèòîêñèí òà µ-êîíîòîêñèíè
âçàºìîä³þòü ç ñàéòîì çâ�ÿçóâàííÿ òåòðîäî-
òîêñèíó. À â³äêðèòòÿ ω-êîíîòîêñèíó GVIA,
ω-àãàòîêñèíó IVA òà êàëüö³ñåïòèíó (íåéðî-
òîêñè÷íèõ ïåïòèä³â ç îòðóòè ìîëþñêà Co-
nus geographus, ïàâóêà Agelenopsis aperta
òà çì³¿ Dendroaspis polylepis, â³äïîâ³äíî),
äàëî çìîãó ôàðìàêîëîã³÷íî ðîçä³ëèòè çà
òèïàìè âèñîêîïîðîãîâ³ ïîòåíö³àëêåðîâàí³
êàëüö³ºâ³ êàíàëè.

Â³äêðèòòÿ òîêñèí³â ñïðèÿëî ïîñòóïó íå
ëèøå ó ðîçóì³íí³ ñòðóêòóðè òà ôóíêö³î-
íóâàííÿ êàíàë³â, àëå é äîçâîëèëî âèêîðèñ-
òîâóâàòè äåÿê³ ç íèõ ó ìåäè÷íèõ ö³ëÿõ.
Â³äîìî, ùî ïîòåíö³àëêåðîâàí³ êàëüö³ºâ³ êà-
íàëè N- òà P/Q-òèïó íåðâîâî¿ ñèñòåìè áå-
ðóòü ó÷àñòü ó ïðîöåñàõ, ùî ïîâ�ÿçàí³ ç ï³ä-
âèùåíîþ ÷óòëèâ³ñòþ äî áîëþ. Íåùîäàâíî
áóëî ïîêàçàíî, ùî àíàëüãåòè÷íà ä³ÿ ω-
êîíîêñèíó MVIIA (òà éîãî ñèíòåòè÷íî¿ ïî-
õ³äíî¿ � öèêîíîòèäó) º â 100�1000 ðàç³â
ïîòóæí³øîþ, í³æ ä³ÿ øèðîêîâ³äîìîãî àíåñ-
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òåòèêà ìîðô³íó [13]. Çíåáîëåííÿ âèêëèêàíå
MVIIA ÷è öèêîíîòèäîì ïîçáàâëåíå ö³ëîãî
ñïåêòðà ïîá³÷íèõ åôåêò³â, ÿê³ º íåîäì³ííè-
ìè ñóïóòíèêàìè îï³î¿äíèõ ïðåïàðàò³â. Íà
ï³äñòàâ³ öüîãî, ó 2004 ð. Àäì³í³ñòðàö³ºþ
Ïðîäóêò³â ³ Ë³ê³â ÑØÀ (U.S. FDA), à ó
2005 ð. ªâðîêîì³ñ³ÿ, çàòâåðäèëè âèêîðèñ-
òàííÿ Ïð³àëòóÒ ÿê çíåáîëþâàëüíîãî ïðåïà-
ðàòó äëÿ ³íòðàòåêàëüíîãî ââåäåííÿ. Ñó÷àñ-
íà ôàðìàêîëîã³÷íà ïðîìèñëîâ³ñòü ïîòðåáóº
ñïåöèô³÷íèõ òîêñèí³â äî ë³ãàíäêåðîâàíèõ
³îííèõ êàíàë³â ÷è íå á³ëüøå, í³æ òîêñèí³â
äî ïîòåíö³àëêåðîâàíèõ êàíàë³â. Ïðèêëàäîì
òîãî ìîæóòü áóòè ðÍ-êåðîâàí³ êàíàëè.
Ãðóïîþ êîðåéñüêèõ ó÷åíèõ áóëî âñòàíîâ-
ëåíî,  ùî pH-êåðîâàí³ êàò³îíí³ êàíàëè
ASIC1a º îñíîâíîþ ïðè÷èíîþ ³øåì³÷íîãî
óøêîäæåííÿ  ïðè  ³íñóëüò ³ ,  êð ³ì  òîãî ,
òåðàïåâòè÷íå ÷àñîâå â³êíî çàñòîñóâàííÿ
àíòàãîí³ñò³â ASIC1a ðåöåïòîð³â ó äåê³ëüêà
ðàç ³â  á ³ëüøå çà  â ³äïîâ³äíå  â ³êíî  äëÿ
àíòàãîí³ñò³â ãëóòàìàòíèõ ðåöåïòîð³â [12,
14]. Çà ê³ëüêà ðîê³â äî òîãî, ó 2000 ð., áóëî
â³äêðèòî ñïåöèô³÷íèé òîêñèí äî pH-êåðî-
âàíèõ êàò³îííèõ êàíàë³â ASIC1a � ïñàëìî-
òîêñèí [6]. Öåé òîêñèí áóëî âèä³ëåíî ç
îòðóòè ïàâóêà Psalmopoeus cambridgei.

Áëèçüêî 30 ðîê³â òîìó áóëî ïîâ³äîìëåíî
ïðî òå, ùî àäåíîçèíòðèôîñôàò (ÀÒÔ) âèê-
ëèêàº â³ä÷óòòÿ áîëþ çà óìîâ éîãî ïðèêëà-
äàííÿ äî îï³êîâîãî ïóõèðÿ ó ëþäåé [1, 4]. Ç
òîãî ÷àñó áóëî ïðîâåäåíî áàãàòî äîñë³ä-
æåíü ³ çíàéäåíî íèçêó ìîäóëÿòîð³â öüîãî
áîëüîâîãî øëÿõó [2, 5, 9, 10]. Ïðîòå âñ³ â³-
äîì³ íàðàç³ ìîëåêóëè, ùî ñïåöèô³÷íî ìîäó-
ëþþòü P2X-ðåöåïòîðè, º ëèøå õ³ì³÷íèìè
àíàëîãàìè ìîëåêóëè ÀÒÔ òà ìàþòü âèñîê³
ðîáî÷³ êîíöåíòðàö³¿. Íàøà ðîáîòà ïðèñâÿ-
÷åíà ïîøóêó ïðèðîäíèõ ïåïòèä³â, ùî íàäàë³
ìîæóòü ñòàòè ïðîîáðàçàìè ïîòóæíèõ ñïå-
öèô³÷íèõ ë³ãàíä³â äî P2X-ðåöåïòîð³â.

ÌÅÒÎÄÈÊÀ

Ôðàêö³îíóâàííÿ îòðóòè ïàâóêà Geolycosa sp.
Íåî÷èùåíà îòðóòà ïàâóê³â Geolycosa sp.

áóëà íàäàíà êîìïàí³ºþ Fauna Laboratories,
Ltd. (Êàçàõñòàí). Ë³îô³ë³çîâàíó îòðóòó (25
ìêë) ðîç÷èíÿëè ó 100 ìêë 30 ììîëü/ë NaF
(ðÍ 5,2), ùî ì³ñòèâ 150 ììîëü/ë NaCl.
Ðîç÷èí çàâàíòàæóâàëè â  êîëîíêó TSK
2000SW (7,5 õ 600 ìì, �Beckman�, ßïîí³ÿ)
äëÿ ãåëü-ô³ëüòðàö³¿ ³ ïðîìèâàëè ç òèì ñàìèì
áóôåðîì ç³ øâèäê³ñòþ 0,5 ìë/õâ. Îòðèìàí³
ôðàêö³¿, ùî ìîäóëþâàëè ÀÒÔ-³íäóêîâàí³
ñòðóìè, íàäàë³ ðîçä³ëÿëè âèêîðèñòîâóþ÷è
ìåòîä çâîðîòíîôàçîâî¿ õðîìàòîãðàô³¿ íà
êîëîíö³ Jupiter C5 (4,6 õ 150 ìì, �Phenome-
nex�, ÑØÀ) ç ãðàä³ºíòîì êîíöåíòðàö³é àöå-
òîíèòðèëó ó 0,1%-é òðèôëóîðîàöåòîâ³é êèñ-
ëîò³ 0�40 % çà 60 õâ, 40�65 % çà 10 õâ.
Êîíöåíòðàö³þ ïåïòèäíèõ êîìïîíåíò³â ó
çðàçêàõ îö³íþâàëè çà ñïåêòðîì ïîãëèíàííÿ
ó ÓÔ-ä³àïàçîí³ ç âèêîðèñòàííÿì íàáëèæåíî¿
ôîðìóëè äëÿ ðîçðàõóíêó êîíöåíòðàö³¿ á³ëê³â
ç íåâ³äîìîþ àì³íîêèñëîòíîþ ïîñë³äîâí³ñ-
òþ: C = (1,55A

280
�0,76A

260
)/5000, äå Ñ � êîí-

öåíòðàö³ÿ ïåïòèä³â, ìîëü/ë, A
280

 òà A
260

 �
îïòè÷íà ãóñòèíà ðîç÷èíó ïðè 280 òà 260 íì
â³äïîâ³äíî, 5000 � ïðèéíÿòà ñåðåäíÿ ìîëå-
êóëÿðíà ìàñà ïåïòèäí³â êîìïîíåíò³â îòðóòè.
Âèä³ëåííÿ íåéðîí³â. Ó äîñë³äæåííÿõ âèêî-
ðèñòîâóâàëè á³ë³ ùóðè ë³í³¿ Â³ñòàð WAG\
GSto â³êîì â³ä 9 äî 12 ä³á. Òâàðèí óòðèìó-
âàëè íà ñòàíäàðòí³é ëàáîðàòîðí³é ä³ºò³ ó
â³âàð³¿ ²íñòèòóòó ô³ç³îëîã³¿ ³ì. Î.Î. Áîãî-
ìîëüöÿ ÍÀÍ Óêðà¿íè. Ï³ñëÿ äåêàï³òàö³¿ ó
íèõ ðîçð³çàëè ñïèííîìîçêîâèé êàíàë ³
âèéìàëè ñïèííèé ìîçîê. Çàäíüîêîð³íöåâ³
ãàíãë³¿ øâèäêî ïåðåíîñèëè ó ÷àøêó Ïåòð³ ç
ô³ç³îëîã³÷íèì ðîç÷èíîì ó ñêëàä³ (ììîëü/ë):
NaCl � 130, KCl � 5, MgCl

2
 � 2, CaCl

2
 � 2,

HEPES/NaOH � 20, pH 7,4. Ï³ñëÿ öüîãî
ãàíãë³¿ ïåðåíîñèëè ó êàìåðó ç ðîç÷èíîì íà
ôîñôàòíîìó áóôåð³ ³ç 0,3 % òðèïñèíó òà 0,1 %
êîëàãåíàçè äëÿ ôåðìåíòàòèâíî¿ îáðîáêè, â
ÿêîìó âèòðèìóâàëè ó òåðìîñòàò³ 30 õâ ïðè
32° Ñ. Ï³ñëÿ îáðîáêè ãàíãë³¿ øâèäêî ïåðå-
íîñèëè ó ô³ç³îëîã³÷íèé ðîç÷èí, äå ïðîìèâàëè
ïðîòÿãîì 2 õâ. Ïîò³ì ãàíãë³¿ çà äîïîìîãîþ
äâîõ ãîëîê ï³ääàâàëè ëåãê³é ìåõàí³÷í³é
äèñîö³àö³¿ ï³ä ì³êðîñêîïîì. Òàêà ïðîöåäóðà
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ïðèçâîäèëà äî ðîçðèâó çîâí³øíüî¿ îáîëîíêè
ãàíãë³¿â òà äî âèä³ëåííÿ ïîîäèíîêèõ êë³òèí.
Îòðèìàí³ êë³òèíè âèêîðèñòîâóâàëè âïðî-
äîâæ 3�8 ãîä ï³ñëÿ âèä³ëåííÿ.
Åëåêòðîô³ç³îëîã³÷í³ äîñë³äæåííÿ. Âèì³ðþ-
âàííÿ  ñòðóì³â  ïðîâîäèëè çà  ìåòîäîì
ô³êñàö³¿ ïîòåíö³àëó â ðåæèì³ â³äâåäåííÿ â³ä
ö³ëî¿ êë³òèíè (whole cell patch-clamp) [8].
P2X-îïîñåðåäêîâàí³ ñòðóìè âèêëèêàëè
ïðèêëàäàííÿì 10 ìêìîëü/ë ÀÒÔ [11], îêð³ì
ñïåö³àëüíî çàçíà÷åíèõ âèïàäê³â. Ñòðóìè
ðåºñòðóâàëè çà ï³äòðèìóâàíîãî ïîòåíö³àëó
ó -60 ìÂ. Ñêëÿí³ ì³êðîï³ïåòêè (îï³ð 2�3
ÌÎì) çàïîâíþâàëè ðîç÷èíîì, ùî ì³ñòèâ
(ììîëü/ë):  KF � 120; òð³ñ-Cl � 20 (pH
äîâîäèëè äî çíà÷åííÿ 7,2 çà äîïîìîãîþ
KOH). Ô³ç³îëîã³÷íèé ðîç÷èí íàâåäåíîãî
âèùå ñêëàäó âèêîðèñòîâóâàëè ÿê çîâí³ø-
íüîêë³òèííèé. Åêñïåðèìåíòè ïðîâîäèëè çà
ê³ìíàòíî¿ òåìïåðàòóðè. Âñ³ õ³ì³÷í³ ðåàãåí-
òè, ùî âèêîðèñòîâóâàëèñÿ ï³ä ÷àñ åêñïåðè-
ìåíò³â ,  âèðîáëåí³  êîìïàí³ºþ �Sigma�

(ÑØÀ). Êîíöåíòðàö³ÿ àêòèâíîãî ïåïòèä-
íîãî êîìïîíåíòà â ðîç÷èíàõ, ÿê³ ïðèêëàäàëè
äî êë³òèí ñòàíîâèëà áëèçüêî 10 íìîëü/ë.

ÐÅÇÓËÜÒÀÒÈ ÒÀ ̄ Õ ÎÁÃÎÂÎÐÅÍÍß

Íåî÷èùåíà îòðóòà Geolycosa sp. ìîäóëþ-
âàëà ÀÒÔ-àêòèâîâàí³ ñòðóìè. Çà äîïîìî-
ãîþ ãåëü-ô³ëüòðàö³¿ îòðóòó áóëî ðîçä³ëåíî
íà ø³ñòü ôðàêö³é, äâ³ ç ÿêèõ (I òà II) áóëè
çäàòí³ âïëèâàòè íà ÀÒÔ-³íäóêîâàí³ ñòðóìè.
Ôðàêö³¿ I òà II, ùî â³äïîâ³äàëè ì³ñöþ åëþö³¿
ïîë³ïåïòèäíèõ êîìïîíåíò³â îòðóòè, íàäàë³
áóëî ðîçä³ëåíî çà äîïîìîãîþ çâîðîòíî-
ôàçîâî¿ õðîìàòîãðàô³¿ íà 18 äð³áí³øèõ
ôðàêö³é (ïî 9 ç I òà II), âïëèâ ÿêèõ íà P2X-
îïîñåðåäêîâàí³ ñòðóìè (ðèñ.1) ³ áóâ ïðåäìå-
òîì äîñë³äæåííÿ ó íàø³é ðîáîò³. Ïåïòèäíó
ïðèðîäó îòðèìàíèõ ðå÷îâèí ï³äòâåðä-
æóâàëè âèì³ðÿíèìè ìîëåêóëÿðíèìè ìàñà-
ìè, ñïåêòðàìè ïîãëèíàííÿ â ÓÔ-ä³àïàçîí³,
à òàêîæ ïðè àíàë³ç³ õ³ì³÷íî¿ ñòðóêòóðè

Ðèñ. 1. Âïëèâ ð³çíèõ ôðàêö³é îòðóòè ïàâóêà Geolycosa sp. íà àêòèâí³ñòü ÀÒÔ-àêòèâîâàíèõ ñòðóì³â çàäíüîêîð³íöåâèõ
íåéðîí³â ùóð³â. Êîíöåíòðàö³ÿ ïåïòèäíî¿ ôðàêö³¿ ó ïîçàêë³òèííîìó ñåðåäîâèù³ ñòàíîâèëà áëèçüêî 10 íìîëü/ë.
Â³äñîòêîâ³ çíà÷åííÿ ïîêàçóþòü â³äíîøåííÿ àìïë³òóäè ñóìàðíîãî ÀÒÔ-àêòèâîâàíîãî ñòðóìó ï³ä ä³ºþ âêàçàíèõ
ôðàêö³é îòðóòè äî êîíòðîëüíîãî àìïë³òóäíîãî çíà÷åííÿ (n=3�5). À � ä³ÿ ôðàêö³¿ îòðóòè, Â � â³äìèâêà. Ôðàêö³¿:
1 � I-1, 2 � I-2, 3 � I-3, 4 � II-2, 5 � II-6, 6 � II-8, 7 � I-8, 8 � I-9, 9 � I-4, 10 � II-3, 11 � II-1, 12 � I-5, 13 � II-7, 14 �
I-6, 15 � I-6', 16 � I-7, 17 � I, 18 � I*
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ìåòîäàìè ñåêâåíóâàííÿ çà Åäìàíîì ³ ôðàã-
ìåíòóâàííÿ ïîë³ïåïòèäíîãî ëàíöþæêà (ðå-
çóëüòàòè íå íàâåäåíî).

Åôåêò ôðàêö³é îòðóòè Geolycosa sp.
Ôðàêö³ÿ II-1 íåçâîðîòíî ïðèãí³÷óâàëà P2X-
îïîñåðåäêîâàí³ ñòðóìè. Ôðàêö³ÿ II-3 çâî-
ðîòíî áëîêóâàëà øâèäêó êîìïîíåíòó P2X-
ñòðóìó ç ïîòåíö³àö³ºþ ï³ñëÿ óñóíåííÿ ðå÷î-
âèíè ç ðîç÷èíó òà íåçâîðîòíî � ïîâ³ëüíó
êîìïîíåíòó. Çá³ëüøåííÿ àìïë³òóäè ñòðóìó
ï³ñëÿ  óñóíåííÿ âïëèâó ôðàêö³ ¿ ,  ìîæå
ñâ³ä÷èòè ïðî ñêëàäíèé ìåõàí³çì ä³ºçà-
ëåæíîñò³ àáî ïðî ë³ïîô³ëüí³ñòü ñïîëóê, ùî
âõîäÿòü äî ñêëàäó ôðàêö³¿. Ïîä³áíèé åôåêò
ì³ã áóòè íàñë³äêîì ä³¿ ôðàêö³¿ íà âèõ³ä
êàíàëó ç äåñåíñèòèçàö³¿ [3]. Ôðàêö³ÿ II-6
íåçâîðîòíî ïðèãí³÷óâàëà P2X-îïîñåðåä-
êîâàíèé ñòðóì, ïðè÷îìó ÿê øâèäêó, òàê ³
ïîâ³ëüíó éîãî êîìïîíåíòè. Ôðàêö³ÿ II-7
âèêëèêàëà  çâîðîòíå  çá ³ëüøåííÿ P2X-
îïîñåðåäêîâàíîãî ñòðóìó. Ñë³ä â³äì³òèòè,
ùî ï³ñëÿ óñóíåííÿ ¿¿ ç çîâí³øíüîêë³òèííîãî
ðîç÷èíó âèêëèêàíèé åôåêò ïîñèëþâàâñÿ.

Ï³ñëÿ ê³ëüêîõ ïðèêëàäàíü àãîí³ñòà (ÀÒÔ)
áåç çàçíà÷åíî¿ ôðàêö³¿, àìïë³òóäà ÀÒÔ-
îïîñåðåäêîâàíîãî ñòðóìó ïîâåðòàëàñÿ äî
ð³âíÿ êîíòðîëþ. Îòæå, ìîæíà ïðèïóñòèòè,
ùî ä³þ÷à ñïîëóêà ö³º¿ ôðàêö³¿ ìàº ë³ïîô³ëüíó
ïðèðîäó é ñàéòè çâ�ÿçóâàííÿ ¿¿ ç ðåöåï-
òîðîì çíàõîäÿòüñÿ íå íà ïîâåðõí³ ìåìáðàíè,
à â ñåðåäèí³ ë³ï³äíîãî øàðó. Ôðàêö³ÿ II-7
ïîòåíö³þâàëà ëèøå øâèäêó êîìïîíåíòó
ñòðóìó. Ôðàêö³ÿ II-8 çíà÷íî òà íåçâîðîòíî
çìåíøóâàëà àìïë³òóäè ÿê ïîâ³ëüíî¿, òàê ³
øâèäêî¿ êîìïîíåíòè P2X-îïîñåðåäêîâàíèõ
ñòðóì³â, ùî òàêîæ ïðèçâîäèëî äî ïîâ³ëüíîãî
òà íåçâîðîòíîãî çá³ëüøåííÿ ñòðóìó âèòîêó.

Äîäàâàííÿ ôðàêö³ ¿  I -1  ñïðè÷èíÿëî
çíà÷íå çá³ëüøåííÿ ñòðóìó âèòîêó, ð³çêå
çìåíøåííÿ P2X-ñòðóìó, òà ïðèçâîäèëî äî
çàãèáåë³ êë³òèíè. Éìîâ³ðíî, ùî öÿ ôðàêö³ÿ
ä³ÿëà áåçïîñåðåäíüî íà ñòðóêòóðó ìåìá-
ðàíè. Ôðàêö³ÿ I-2 íåçíà÷íî çìåíøóâàëà
àìïë³òóäó ïîâ³ëüíî¿ ñêëàäîâî¿ ÀÒÔ-³íäóêî-
âàíîãî ñòðóìó. Ôðàêö³ÿ II-2 ïîòåíö³þâàëà
øâèäêó êîìïîíåíòó ñòðóìó ³ ïðèãí³÷óâàëà

Ðèñ. 2. Âïëèâ îêðåìèõ ïåïòèä³â ³ç âèáðàíèõ àêòèâíèõ ôðàêö³é îòðóòè ïàâóêà Gelycosa sp. íà àêòèâí³ñòü ÀÒÔ-
àêòèâîâàí³ ñòðóì³â çàäíüîêîð³íöåâèõ íåéðîí³â ùóð³â. Êîíöåíòðàö³ÿ ïåïòèä³â ñòàíîâèëà áëèçüêî 10 íìîëü/ë ó âñ³õ
âèïàäêàõ. Â³äñîòêîâ³ çíà÷åííÿ ïîêàçóþòü â³äíîøåííÿ àìïë³òóäè ñóìàðíîãî ÀÒÔ-àêòèâîâàíîãî ñòðóìó ï³ä ä³ºþ
âêàçàíèõ ïåïòèä³â äî êîíòðîëüíîãî àìïë³òóäíîãî çíà÷åííÿ (n=3�5). À � ä³ÿ ïåïòèäó, Â � â³äìèâêà. Ðåêîìá³íàíòí³
ïåïòèäè: 1 � lsp13, 2 � lsp14, 3 � lsp315, 4 � lsp33, 5 � lsp331expr1, 6 � lsp331expr2, 7 � lsp331expr3, 8 � lsp331exprExt,
9 � lsp331exprInt
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ïîâ³ëüíó êîìïîíåíòó.
Âòîðèííå ôðàêö³îíóâàííÿ. Íà îñíîâ³

îòðèìàíèõ ðåçóëüòàò³â, äëÿ ïîäàëüøîãî
ðîçä³ëåííÿ íà îêðåì³ ïåïòèäè îáðàëè ôðàêö³¿
I-5 òà I-1, ÿê³ ïðîÿâèëè çíà÷íèé ïîòåíö³þ-
þ÷èé òà áëîêóâàëüíèé âïëèâè íà P2X-
îïîñåðåäêîâàí³ ñòðóìè, â³äïîâ³äíî; à òàêîæ
ôðàêö³þ II-6, ÿêà âèÿâèëàñü àêòèâíèì ³íã³-
á³òîðîì ÀÒÔ-àêòèâîâàíèõ ñòðóì³â.

Îáðàí³ àêòèâí³ ôðàêö³¿ ïðîéøëè ïîäàëü-
øå î÷èùåííÿ òà ìîäèô³êàö³¿, ÿê³ áóëè ñïðÿ-
ìîâàí³,  â ïåðøó ÷åðãó,  íà âèä³ëåííÿ ç
âèùåçãàäàíèõ ôðàêö³é ïåïòèä³â ó ÷èñòîìó
âèãëÿä³ (ðèñ.2). Òàêîæ çíà÷íà óâàãà ïðè-
ä³ëÿëàñÿ ñòàá³ë³çàö³¿ ïåïòèäíèõ ìîëåêóë ó
âîäíî-ñîëüîâèõ ðîç÷èíàõ. Îñê³ëüêè ïðèðîä-
í³ ïåïòèäè º äóæå íåñò³éêèìè ³ øâèäêî
çì³íþþòü ñâîþ êîíôîðìàö³þ çà ñòàíäàðò-
íèõ óìîâ åêñïåðèìåíòó, äî ¿õ ñòðóêòóðè
ââîäÿòüñÿ ïåâí³ ñòàá³ë³çóþ÷³ ãðóïè, ùî
çíà÷íî ïîäîâæóþòü ïåð³îä ¿õ íàï³âæèòòÿ.

Ç ôðàêö³¿ I-5 áóëî îòðèìàíî ïåïòèä
Lsp 33, ÿêèé íåçâîðîòíî ïðèãí³÷óâàâ P2X-
îïîñåðåäêîâàí³ ñòðóìè.

Ó àì³íîêèñëîòí³é ïîñë³äîâíîñò³ Lsp 33
áóëî çðîáëåíî äâ³ çàì³íè ó ôóíêö³îíàëüíî
íå ñóòòºâèõ  ä ³ëÿíêàõ .  Íîâèé ïðîä ó êò
íàçâàíî � Lsp 331expr. Lsp 331expr ìàâ
á³ëüøèé âïëèâ íà P2X-îïîñåðåäêîâàí³
ñòðóìè. ßê ³ ó âèïàäêó ïîïåðåäíèêà, ä³ÿ
Lsp 331expr áóëà íåçâîðîòíîþ.

Äëÿ äîñë³äæåííÿ áóëî òàêîæ îòðèìàíî äâ³
ìîäèô³êîâàí³ âåðñ³¿ Lsp 331expr: Lsp 331expr-
int òà Lsp 331expr-ext. Lsp 331expr-ext ñëàáêî
ïðèãí³÷óâàâ øâèäêèé êîìïîíåíò ÀÒÔ-
ñòðóìó. Ó âñ³õ âèïàäêàõ ä³ÿ áóëà íåçâî-
ðîòíîþ. Âïëèâ Lsp 331expr-int íà øâèäêó
êîìïîíåíòó P2X-îïîñåðåäêîâàíîãî ñòðóìó
ìàâ ïðèãí³÷óâàëüíèé õàðàêòåð íåçíà÷íèé
çà ñèëîþ.

Ç ôðàêö³¿ I-1 áóëî âèä³ëåíî ïåïòèäè
Lsp 315, Lsp 13 òà Lsp 14. Ïåïòèä Lsp 315
ñïðè÷èíþâàâ ÿê çá³ëüøåííÿ, òàê ³ çìåí-
øåííÿ àìïë³òóäè P2X-îïîñåðåäêîâàíîãî
ñòðóìó. Ïåïòèä Lsp 13 çíà÷íî (íà 145 %)
ïîòåíö³þâàâ ÀÒÔ-îïîñåðåäêîâàí³ ñòðóìè.

Ä³ÿ éîãî áóëà çâîðîòíîþ. Ïåïòèä Lsp 14
ìàâ ñêëàäíó ïîòåíö³þþ÷ó ä³þ íà P2X-îïî-
ñåðåäêîâàí³ ñòðóìè. Àïë³êàö³ÿ ïåïòèäó
ïðèçâîäèëà äî íåçíà÷íîãî çá³ëüøåííÿ
àìïë³òóäè ñòðóìó. Â³äìèâàííÿ æ ïåïòèäó
çá³ëüøóâàëî éîãî ïîòåíö³þâàëüíèé âïëèâ.

ÎÁÃÎÂÎÐÅÍÍß

Ðåçóëüòàòè íàøèõ åëåêòðîô³ç³îëîã³÷íèõ
äîñë³äæåíü äåìîíñòðóþòü, ùî äåÿê³ êîìïî-
íåíòè òîêñèíó Geolycosa sp. ìîäóëþþòü
P2X-îïîñåðåäêîâàí³ ñòðóìè â ìåæàõ â³ä
ê³ëüêîõ â³äñîòê³â äî 250% â³ä êîíòðîëüíî¿
àìïë³òóäè. Ñòàòèñòè÷íî çíà÷èìèõ çì³í
ê³íåòèêè ñòðóì³â ó æîäíîìó âèïàäêó íå
ñïîñòåð³ãàëîñÿ. Òàêèé òèï âïëèâó íà P2X-
îïîñåðåäêîâàí³ ñòðóìè öüîãî ðÿäó ïåïòèä³â
êàðäèíàëüíî â³äð³çíÿºòüñÿ â³ä âïëèâó ³íøèõ
ïåïòèä³â ç ³íøî¿ ôðàêö³¿ ö³º¿ îòðóòè íà
êàëüö³ºâ³ êàíàëè, êîëè ïåïòèä ù-Lsp-IA
ñïîâ³ëüíþâàâ ê³íåòèêó àêòèâàö³¿ êàëüö³ºâèõ
êàíàë³â íà íåéðîíàõ Ïóðê³íüº [7]. Òàêà
ðàçþ÷à ð³çíèöÿ ó ìåõàí³çì³ âïëèâó ïåïòèä³â
ç îäí³º¿ ôðàêö³¿ íà ðîáîòó ³îííèõ êàíàë³â ³
íèçüêà ä³þ÷à êîíöåíòðàö³ÿ ñâ³ä÷àòü íà
êîðèñòü âèñîêî¿ ñïåöèô³÷íîñò³ ä³¿  öèõ
ïåïòèä³â. Ó ðåçóëüòàò³ ïðîâåäåíèõ äîñë³ä-
æåíü ç óñ³õ ïðîòåñòîâàíèõ ïåïòèä³â äëÿ
ïîäàëüøî¿ ìîäèô³êàö³¿ â³ä³áðàíî ïåïòèäí³
êîìïîíåíòè, ùî óìîâíî ïîçíà÷åí³ ó ö³é
ðîáîò³ I-1 òà I-5. Ö³ ïåïòèäè º äîñèòü ïîòóæ-
íèìè ìîäóëÿòîðàìè P2X-îïîñåðåäêîâàíèõ
ñòðóì³â ³ ä³ÿ ¿õ º ïîâí³ñòþ çâîðîòíîþ.

Ö³ äîñë³äæåííÿ áóëè ï³äòðèìàí³ ñï³ëü-
íèì ãðàíòîì ÐÔÔÄ òà ÍÀÍ Óêðà¿íè.
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PEPTIDE COMPONENTS OF LYCOSA SPIDER
VENOM MODULATE P2X RECEPTROR
ACTIVITY OF RAT DRG NEURONS

Almost each natural venom comprises a considerable
combinatorial library of bioactive substances that have been
optimized during evolution. Particular attention is devoted
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currently on a search for new modulators of ion channels from
the venoms of arthropods. We have studied the effect of
peptidous compounds of the Lycosa spider venom on the activ-
ity of P2X receptors in DRG neurons of rats. As a result, at
least 7 proteins modulating various P2X receptor-operated ionic
currents in the sensory neurons of rats have been found.

O.O. Bogomoletz Institute of Physiology, National Academy
Sciences of Ukraine, Kyiv;
Shemyakin-Ovchinnikov Institute of Bioorganic
Chemistry, Russian Academy of Sciences, Russia;
International Center of Molecular Physiology National
Academy Sciences of Ukraine, Kyiv

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Bleehen T., Keele C. A. Observations on the algogenic
actions of adenosine compounds on the human blister
base preparation // Pain. � 1977. � 3, ¹ 4. � P. 367�377.

2. Burnstock G. Purinergic signalling: past, present and
future // Braz. J. Med. Biol. Res. � 2008.

3. Chen X., Kalbacher H., Grunder S. Interaction of acid-
sensing ion channel (ASIC) 1 with the tarantula toxin
psalmotoxin 1 is state dependent // J. Gen. Physiol. �
2006. � 127, ¹ 3. � P. 267�276.

4. Collier H. O., James G. W., Schneider C. Antagonism
by aspirin and fenamates of bronchoconstriction and
nociception induced by adenosine-5'-triphosphate //
Nature. � 1966. � 212, ¹ 5060. � P. 411�412.

5. De Roo M., Rodeau J. L., Schlichter R. Dehydro-
epiandrosterone potentiates native ionotropic ATP
receptors containing the P2X2 subunit in rat sensory
neurones // J. Physiol. � 2003. � 552, ¹ Pt 1. � P. 59�71.

6. Escoubas P., De Weille, Jr., Lecoq A. et al. Isolation of
a tarantula toxin specific for a class of proton-gated

Na+ channels // J. Biol. Chem. � 2000. � 275, ¹ 33. �
P. 25116�25121.

7. Fisyunov A., Pluzhnikov K., Molyavka A. et al. Novel
spider toxin slows down the activation kinetics of P-
type Ca2+ channels in Purkinje neurons of rat // Toxi-
cology. � 2005. � 207, ¹ 1. � P. 129�136.

8. Hamill O. P., Marty A., Neher E. et al. Improved patch-
clamp techniques for high-resolution current recording
from cells and cell-free membrane patches // Pflug. Arch. �
1981. � 391, ¹ 2. � P. 85�100.

9. Jarvis M. F., Wismer C. T., Schweitzer E. et al. Modu-
lation of BzATP and formalin induced nociception:
attenuation by the P2X receptor antagonist, TNP-ATP
and enhancement by the P2X(3) allosteric modulator,
cibacron blue // Brit. J. Pharmacol. � 2001. � 132, ¹ 1. �
P. 259�269.

10. Lalo U. V., Pankratov Y. V., Arndts D. et al. Omega-
conotoxin GVIA potently inhibits the currents medi-
ated by P2X receptors in rat DRG neurons // Brain Res.
Bull. � 2001. � 54, ¹ 5. � P. 507�512.

11. Pankratov YuV, Lalo U. V., Dashkin A. N. et al. Hetero-
geneity of the functional expression of P2X3 and P2X2/3
receptors in the primary nociceptive neurons of rat //
Neurochem. Res. � 2001. � 26, ¹ 8�9. � P. 993�1000.

12. Pignataro G., Simon R. P., Xiong Z. G. Prolonged acti-
vation of ASIC1a and the time window for neuropro-
tection in cerebral ischaemia // Brain. � 2007. � 130,
¹ Pt 1. � P. 151�158.

13. Staats P. S., Yearwood T., Charapata S. G. et al. In-
trathecal ziconotide in the treatment of refractory pain
in patients with cancer or AIDS: a randomized controlled
trial // JAMA. � 2004. � 291, ¹ 1. � P. 63�70.

14. Xiong Z. G., Zhu X. M., Chu X. P. et al. Neuroprotection
in ischemia: blocking calcium-permeable acid-sensing ion
channels // Cell. � 2004. � 118, ¹ 6. � P. 687�698.

²í-ò ô³ç³îëîã³¿ ³ì. Î.Î.Áîãîìîëüöÿ  ÍÀÍ Óêðà¿íè, Êè¿â;
²í-ò á³îîðãàí. õ³ì³¿ ³ì. àêàä. Ì.Ì. Øåìÿê³íà òà Þ.À. Îâ÷³íí³êîâà ÐÀÍ,
Ìîñêâà;
Ì³æíàð. öåíòð ìîëåêóë. ô³ç³îëîã³¿ ÍÀÍ Óêðà¿íè, Êè¿â
Email: bo@biph.kiev.ua

Ìàòåð³àë íàä³éøîâ
äî ðåäàêö³¿ 30.12.2008

Ïåïòèäí³ êîìïîíåíòè îòðóòè Geolycosa sp. ìîäóëþþòü àêòèâí³ñòü P2X-ðåöåïòîð³â


